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Pesticides Detected in Urban Streams During Rainstorms and

Relations to Retail Sales of Pesticides in King County, Washington

According to studies conducted in the Puget Sound B
more types of pesticides were detected in urban streams t
of pesticides were applied in urban than in
of pesticides found in urban streams, the U

asin from 1987 to 19935 and summarized by Bortleson and Davis (1997),
han in agricultural streams. As well, in the Puget Sound Basin, more pounds

agricultural areas (Tetra Tech Incorporated, 1988). To provide some insight about sources

.S. Geological Survey (USGS), the Washington State Department of Ecology, and King

County collaborated to study and compare types of pesticides found in urban stream water with pesticide sales information from large

home and garden stores.
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Figure 1. Location of sampling sites within watersheds.

Study Design

The study was designed to detect
the largest number of pesticides likely to
be transported in surface runoff to urban
streams. Sampling occurred when pesti-
cide applications to residential areas
were high and when transport of pesti-
cides to surface water would be likely.
Sampling was conducted in April and
May because data from home and garden
stores indicate that pesticide application
raies are higher in April and May than in
any other months during the year.

Sampling was conducted during storms
because previous sampling at Thornton

_Creek by the USGS showed that pest-

icide runoff is greatest during storms.
Pesticides are not only more likely to be
found during storms, but the concenira-
tions of the pesticides found are also
more likely to be of ecological concern.

From two to four surface-water
samples were collected at each of 12
study sites in 10 urban or suburban
watersheds in King County (fig. 1).
Rock Creek, in an undeveloped basin,
was sampled as a reference site.

Findings

Twenty-three pesticides were detected in water
from urban streams‘during rainstorms, and the
concentrations of five of these pesticides exceeded
limits set to protect squatic life. '

During rainstorms, 23 of 98 pesticides sampled
for were detected in water samples from 12 study
sites in 10 urban watersheds. Concentrations of five
insecticides exceeded recommended maximum
concentrations set by the National Academy of
Sciences and National fAcademy of Engineering
(NAS/NAE) (1973). In a few samples, concentrations
of Diazinon, carbaryl, and Lindane exceeded U.S.
Environmental Protection Agency (USEPA) and
other chronic aquatic-life criteria.

Pesticides used on lawns and gardens contribute
to the occurrence of several pesticides in urban
streams.

According to 1997 sales data from home and )
garden stores, of the pesticides sampled for, Diazinon,
2.4-D, and MCPP are the most frequently purchased
pesticides by residents of King County. MCPP and
2.4-D are also amhong those pesticides used by pro-
fessional applicators for pest control in residential,
recreational, and industrial areas. The presence of
these pesticides in water samples from all of the 12
study sites shows that their widespread application
impacts water quality in urban streams. Also, residents
purchased and applied four of the five pesticides that
exceeded recommended maximum concentrations
set by the NAS/NAE (Diazinon, carbaryl, Malathion,
and chlorpyrifos). - )

Many pesticides found in urban streams might be
the result of nonresideéntial applications.

Almost half of the 23 pesticides detected in
stream water had no retail sales according to a 1997
survey of pesticides sales from home and garden
stores in King County. Two of these pesticides
(atrazine and simazine) were found at more than 60
percent of the study sites. This indicaies that these
pesticides are being applied 1o nonresidential areas
in urban watersheds such as rights-of-way, parks,
and recreational areas.
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Figure 2. Percentage of unit retail sales in each pesticide class contributed by each pesticide
and percentage of sites where pesticide was detected. Sales data for pesticides not analyzed

for are not included.

The U.5. Geological Survey National Water
Quality Laboratory and the Washington State
Department of Ecology Manchester Environ-
mental Laboratory analyzed the samples for
98 pesticides or pesticide break-down pro-
ducts. King County Department of Natural
Resources Environmental Laboratory tested
water samples from one urban site, Lyon
Creek, and the reference site, Rock Creek,
for toxicity.

Description of Retail
Sales Data

The 1997 pesticide sales data used in
this study were obtained from 10 home and
garden stores located in urban and suburban
areas in King and south Snohomish

Counties. The measured quantity was a
“unit’” or package of pesticide sold. Amounts
of active ingredient applied cannot be calcu-
lated from the sales data because packages
vary in size and in concentration of active
ingredient. However, the numbers of pack-
ages sold indicate consumer preference and
thus are some indication of how widely the
active ingredient is distributed in residential
areas of urban watersheds. We estimate

that the sales data from the 10 home and
garden stores represent consumer buying
patterns throughout King County because
over two-thirds of retail sales are from
hardware stores (which includes home and
garden stores) according to a 1996 survey
of 1,200 King County residents (Market
Trends Incorporated, 1996).

A complete picture of consumer buying
patierns of active ingredients is not possible
because of omissions in the database. Al-
though packages of pesticides can have more
than two active ingredients, only the first two
active ingredients listed on the product were
recorded in the home and garden store data-
base. This means that more units were sold
than recorded for some active ingredients.
For example, the database contains no repor-
ted sales of dicamba, which is occasionally
the third ingredient listed in combined
fertilizer-pesticides types of products.

Retail Sales Data Help
Identify Sources of
Pesticides

The relations between pesticides sold at
home and garden stores and pesticides found
in urban stream water provided information
about the source of pesticides in streams.
The two herbicides (2,4-D and MCPP) and
the one insecticide (Diazinon) with the
largest unit sales were detected at 100 per-
cent of the sampling sites (fig. 2). These
purchase rates imply that residential applica-
tions probably contribute to the presence of
these three pesticides in the streams. Resi-
dential applications are a possible source of
other frequently detected pesticides (such as
dichlobenil and chlorpyrifos) that also have
relatively high unit sales.

Pesticides that were detected at study
sites but have no retail sales are probably
from applications to nonresidential areas. No
sales were reported for several pesticides de-
tected at more than 20 percent of the study
sites, either because they were not sold in
retail outlets or were not included in the 1997
sales data (fig. 2). Detections of some of
these pesticides (for example, atrazine and
simazine) could result from nonresidential
applications. Similarly, detections of pest-
icides with small numbers of units sold (pro-
meton, triclopyr, MCPA) might be more the
result of nonresidential rather than residen-
tial applications. Detections of pesticides
with little or no reported retail sales could
still result, in part, from resideniial use if one
or more active ingredients in mixed formula-
tions were not reported. For example, di-
camba does not appear on the unit-sales list
(fig. 2) because only the first two active in-
gredients were reported for each product.
Dicamba, detected at nearly 40 percent of the
study sites, is the third active ingredient listed
in some combined fertilizer-pesticide pro-
ducts that are sold in home and garden stores.

Although basic relations between pest-
icide applications and pesticides detected in
urban streams were found, other relations
could not be determined from the data. For



example, amounts of a pesticide applied by
residential applicators could not be estima-
ted and related to concentrations detected
in streams because the amount of active
ingredient in a unit could not be determined.
Several of the pesticides sold in home and
garden stores (2.4-D, MCPA, MCPP,
chlorpyrifos, Malathion) are also used for
pest control around structures, along rights-
of-way (highways, roads and railroads),
and in industrial and recreational areas
(Larson and others, 1996). Therefore, the
sales data cannot specifically differentiate
between sources of some pesticides. It
should be noted too that this study did not
analyze for about 50 percent of the pesti-
cides sold in the home and garden stores
and the sales of some, like the herbicide
glyphosate, were large.

Pesticides sold in retail outlets, but not
detected in stream water include the
insecticides disulfoton and cis-permethrin,
and the fungicides chlorothalonil and
triadimefon. Factors affecting the relations
between sales data and pesticide detections
include chemical properties of the pesticides
(some degrade rapidly), usage, timing of

applications, and proximity of treated areas
to the streams. Further studies would need
to be conducted to understand these complex
interactions.

Environmental
Significance

Fourteen of the pesticides detected in
this study have maximum recommended
conceniration limits for protection of aquatic
life established by the NAS/NAE (1973), or
the Ministers of Health Canada and Environ-
ment Canada (1995). The limits were
exceeded by sample concentrations of five
insecticides--carbaryl, chlorpyrifos, Diaz-
inon, Lindane, and Malathion (fig. 3). Ele-
ven of the pesticides detected in this study
have chronic aquatic life criteria recom-
mended by Norris and Dost (1991), the U.S.
Environmental Protection Agency (1998),
and others. These limits were exceeded by
concentrations of Lindane, Diazinon. and
carbaryl. The aquatic-life criteria indicate
concentrations that can adversely affect
aquatic organisms. However, the ecological

effects in the streams sampled are unknown
because the duration of exposure to concen-
trations observed and the combined effects of
many pesticides in stream water are unknown.

In addition to chemical analyses, water

samples from Lyon Creek were tested for
toxicity. These samples showed chronic
toxicity to two organisms--Ceriodaphnia
dubia, a small nearly microscopic animal, and
Selenastrum capricornutim, a microscopic
plant. In comparison, water samples from the
reference site. Rock Creek, had no toxic
effects on these organisms and no pesticide
detections. Because only unfiltered water
samples affected the organisms, toxicity
might be due to pesticides and other chemi-
cals sorbed to particulate matter present in the
samples. Although concentrations of three
pesticides in Lyon Creek samples exceeded
aquatic life criteria, the sample water is a
complex mixture of a variety of chemicals
and further testing would have been needed to
find the exact cause of the toxicity. However,
these test results become important because
the presence of toxicity in a water body
violates State standards for surface-water
quality (State of Washington, 1992).

Active ingredient and trade name' Freshwater aquatic-life criteria, Concentration, in parts per billion (ppb)

example in parentheses in parts per billion | RMC, recommended maximum concenisation

-- no aquatic-fife criteria exist | Chronic aquatic-lite criteria
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2,4-D (Weedone) ‘10 49 | 524 R '@ ooy |
Acetochlor (Guardian) - -- - q ;
Atrazine (AAtrex) 470 47 52 O @ GEERlOMm co |
Dicamba . (Banvel) 4390 439 510 0 @ g : |
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1 Use of trade names is for descriptive purposes and does not imply endorsement S Ministers of Healih Canada and Environment Canada, 1995

by the U.S. Geological Survey, the Department of Ecology, or King County 6 Menconi and Cox, 1994

2 National Academy of Sciences and National Academy of Engineering, 1973 7 Saie of Washingion, 1992

3 U.S. Environmental Protection Agency, 1998 Criteria are pH dependent; values shown calculated at pH of 7.8

4 Norris and Dost, 1991, Table 3

Figure 3. Concentrations of pesticides detected in water and aquatic-life criteria.




Data Availability and
Additional Analysis

Data on the concentrations of pesticides
found in streams sampled during this study
and a complete list of target pesticides can
be obtained from the Puget Sound Basin
NAWQA web site at
htip://wa.water.usgs.gov/ps.nawqa.html.

Additional analysis of the spatial distribution

of pesticides in urban watersheds and factors
contributing to pesticide transport will be
published in a future report by the Puget
Sound Basin NAWQA team.
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National Water Quality

Assessment (NAWQA)
Program

The National Water Quality
Assessment (NAWQA) Program
of the U.S. Geological Survey is
designed to describe the current
water-quality conditions for much
of the Nation’s water resources,
describe changes in water quality
over time, and improve under-
standing of the natural and human
factors that affect water quality.
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